Plants and their green cousins cyanobacteria and algae use sunlight to drive the chemistry that lets them grow, survive, and perform an amazing range of biochemical reactions. The ability of these organisms to use a freely available energy source makes them attractive as sustainable and renewable platforms for more than just food production. They are also a source of metabolic tools for engineering microbes for "green" chemistry. This Thematic Minireview Series discusses how green organisms capture light and protect their photosynthetic machinery from too much light; new structural snapshots of the clock complex that orchestrates signaling during the light/dark cycle; challenges for improving stress responses in crops; harnessing cyanobacteria as biofactories; and efforts to engineer microbes for "green" biopolymer production.
In the natural world, we are familiar with plants and their aquatic relatives the algae and cyanobacteria, mostly for their natural beauty and as a source of food, fuel, fibers, and feeds. As the world population grows to ϳ9 billion by 2050, our reliance on photosynthetic organisms for traditional uses will only increase; however, opportunities for using plants, algae, and cyanobacteria as sources of chemicals currently derived from fossil fuels, for the discovery of new biological chemistry, for large-scale production of biopharmaceuticals, and as tools for minimizing environmental inputs and impact also promise to help meet the challenges of a future that will push the need for sustainable and renewable solutions to the limit (1) (2) (3) (4) . Understanding the fundamental biological chemistry of green organisms and how we can apply those insights will contribute to economic development, environmental sustainability, nutritional security, and bioenergy and biomaterial production worldwide.
The warmth and light of the sun are key ingredients for life on our world. The basics of photosynthesis and how plants turn different parts of metabolism on and off with day and night are part of our childhood science educations (or should be!), but many molecular details in these processes are still being discovered. In the first Minireview, Magdaong and Blankenship (5) focus on the light-harvesting complexes that maintain efficient capture of light and energy storage under "normal" conditions and how their role changes during excessive light conditions to protect the photosynthesis system from damage. They highlight how the evolutionary diversity of photosynthetic organisms offers various strategies for photoprotective quenching mechanisms and the implications for improving photosynthetic efficiency by manipulating these systems.
With the light, comes darkness as well as the circadian rhythms that allow organisms to globally coordinate physiological changes over the day/night cycle. In the second Minireview, Swan, Golden, LiWang, and Partch (6) summarize recent work that reveals the molecular architecture of the "clock" complex that provides a timing mechanism in response to different signals. How the core clock proteins (KaiABC) form the complex, interact with input/output proteins (i.e. SasA, CikA, and RpaA), and oscillate in both assembly and post-translational modifications over 24 h were examined in a series of structural and biochemical studies. These dynamic changes in assembly alter output signaling. This Minireview highlights nature's elegant molecular solution to timekeeping and offers a glimpse of how temporal regulation of gene expression is achieved.
While turning light into chemicals and timing shifts in metabolism, plants are also using small molecules as signals for growth and development, as chemical building blocks, and as defense compounds. In the third Minireview of the series, Joshi, Singla-Pareek, and Pareek (7) provide a snapshot of how our expanding understanding of basic plant biology can help enhance plant biomass by engineering abiotic stress responses. In particular, interactions between plants and microbes that promote plant growth, the transcriptional and metabolic networks that build cell wall materials, and the crosstalk between phytohormone signaling pathways are highlighted. Emerging knowledge in these areas could help solve one of the major challenges in agriculture-how to maintain crop production under adverse and/or changing environmental conditions.
The last two Minireviews of the series discuss the possibilities of engineering downstream metabolic processes in photosynthetic cyanobacteria and moving biosynthetic pathways into other "chassis" organisms. Knoot, Ungerer, Wangikar, and Pakrasi (8) review recent efforts to use photosynthetic microbes for conversion of carbon dioxide into a variety of biomolecules of economic value. The authors emphasize the unique metabolism of cyanobacteria that connects light-driven metabolism to a variety of biotransformations. In a complementary Minireview, Anderson, Islam, and Prather (9) highlight work to produce sugar-based biopolymers. Traditionally, these biopolymers are derived from natural sources such as plants but in complex mixtures. The ability to transfer biosynthetic machinery into microbes amendable to synthetic biology approaches
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